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INTRODUCTION 
It is generally agreed that the ultimate source of all allelic 
variation is mutation. Spontaneous, heritable changes in genotype provide 
the raw material for evolution and the natural variability used for crop 
breeding. Mutation and recombination, through either natural or artifi­
cial hybridization, provide the novel genetic combinations upon which 
selection acts to provide better adapted genotypes. Understanding of 
these processes is critical because it provides the basis for plant 
breeding methodology. While mutation provides raw materials for natural 
and artificial selection, it also is a source of frustration in the 
maintenance of variety purity. 
A "pure-line," as defined by Johannsen (1903, 1926 as cited by 
Allard, 1960), is' the progeny of a single, self-fertilized, homozygous 
plant. This concept has provided the basis.for selection methods used to 
develop varieties of autogamous crop plants that are genetically uniform. 
Pure-line varieties at one time were believed to be genetically fixed and 
unalterable, and hence capable of being propagated without variation. 
There is much evidence, however, that genetic variation arises spontane­
ously in pure-line varieties at rates that are significant to plant 
breeders and seed producers. Varieties of autogamous species show genetic 
variation for qualitatively inherited traits used for variety identifica­
tion and quantitatively inherited traits as well. Off-type plants and 
seeds that occur in fields and seed lots inspected for seed certification 
often may result from mechanical mixtures, natural hybridization, or 
segregation from residual heterogeneity (Harrington, 1929; Wheat and Frey, 
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1961; Frey and Chandhanamutta, 1975) but may also arise from spontaneous 
mutations. 
Much research has been reported on mutation rates of major genes, but 
little information is recorded on rates of mutation for quantitatively 
inherited traits in crop varieties. The objective of this research was to 
quantify rates of spontaneous mutation for quantitatively inherited traits 
in barley (Hordeum vulgare L. ) and soybean (Glycine max (L.) Merr.) 
varieties. This information was used to assess whether spontaneous 
mutation impacts seriously upon maintenance of cultivar purity and 
stability of cultivar performance. 
3 
LITERATURE REVIEW 
Observational Reports 
In an early study, Wiggans (1925) found that eight of 10 oat vari­
eties and eight of 11 barley varieties showed significant yield variation 
among sublines. Burt and Kherson oats (Avena sativa L.) contained 
variation for spikelet disarticulation, floret disjunction, basal hairs, 
awns, and lemma color in studies by Coffman et al. (1925) and Coffman and 
Stanton (1925). 
Harrington (1929) showed that mechanical mixing of seed was the 
greatest cause of impurities in Marquis wheat (Triticum aestivum L.). 
However, Craigmiles and Jensen (1955) observed the occurrence of a 
persistent off-type in Craig oats, a selection from the 15th generation 
after hybridization. Similarly, selections made within Atlas barley 
(Allard, 1960) were variable for morphological'and quantitative traits. 
Wheat and Frey (1961) found that one of 25 selections from Bonham oats 
yielded significantly less than the variety itself. When sublines within 
14 hexaploid oat varieties were tested by Arias and Frey (1973), signifi­
cant variation for grain yield occurred in all of them. Sublines from 
Foundation seed lots of Adams and Hawkeye soybeans evaluated by Rawlings 
et al. (1958) showed significant variation among entries for plant height, 
maturity, and 100 seed weight, but not for yield. 
Outcrossing generally is less than 1% in varieties of autogamous crop 
species (Table 1). In a seed production field, crossing that does occur 
will be among plants of the same genotype, and hence no genetic vari­
ability will be released. Harrington (1944), however, found that within-
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Table 1. Rates of outcrossing reported for barley, oats, wheat, and 
soybeans 
Crop Rate % Author 
Barley 
Oats 
Fulghum 
Fatuoids 
Clinton 
1 .0 -2 .0  
0- .061 
.1 -20  
.01-0.15 
.20  
.15 
.60-9.2 
0-9.8 ' 
(most less than 1) 
less than .5 
11.6-47 
0.25 
Jain & Allard, 1960 
Ueki, 1952 
Nilan, 1964 
Stevenson, 1928 
Starling, 1980 
Robertson & Deming, 1931 
Hockett & Eslick, 1970 
Jensen, 1961 
Coffman & Taylor, 1936 
Coffman & Taylor, 1936 
Morey, 1949 
Wheat 
Soybeans 
0-2 (15 feet) 
0-5 (0 feet) 
less than 1 
.03-.44 
.04-1.1 
.5-1 
Hayes & Garber, 1927 
Harrington, 1929 
MacKey, 1954 
Caviness, 1966 
Caviness, 1966 
Carlson, 1973 
variety crosses in Reliance and Apex wheats gave considerable heterosis. 
He reasoned that these varieties originated from heterozygous plants and 
thus were heterogeneous. 
Precise Reports 
East (1936) studied progenies of homozygous Nicotiana plants produced 
parthenogenetically and found that after four generations of selfing the 
variability of these progenies was as great as ordinary inbred lines. 
Stadler (1942) studied seven endosperm traits of maize (Zea mays L.) and 
5 
obtained rates ranging from 492 mutations/10^ gametes for the ^  locus to 0 
mutations/10^ gametes for the Wx locus. 
Quantitative estimates of spontaneous mutation rates in higher plants 
have been obtained from control samples in mutagenic experiments. Stadler 
(1928) found no chlorophyll mutants in 1,341 head progenies of barley. 
Spontaneous mutation rates for chlorophyll deficiencies reported for 
barley on a spike basis were 0.1-0.2% by Nybom (1955), 0.03-0.1% by Favret 
(1960) and Favret and Godeck (1959, as cited by Milan, 1964), 0.11% to 
less than 2.0% by Ehrenberg et al. (1959), 0.2% by Ehrenberg et al. 
(1961), and 0.007% by Arnason et al. (1962) for the variety Montcalm. 
Spontaneous mutation rates for chlorophyll deficiencies in wheat reported 
by MacKey (1954) were 0.3% and ranged from 0.05 to 0.1% in other studies 
conducted with hexaploid wheat. Constantine (1976) found 0.3% of soybean 
progenies segregating for chlorophyll deficiencies and morphologic 
aberrations. 
Mutation rates recorded on a spike basis can be expressed on a 
locus/gene replication basis only with certain assumptions. Nybom (1955) 
estimated that a few hundred loci were involved in controlling chlorophyll 
synthesis or plastid properties, and he found an average rate of mutation 
-8 
per locus of 5x10 . According to Arnason et al. (1962), most chlorophyll 
mutants were single-locus recessives, which supports the hypothesis that 
chlorophyll mutations involve single gene changes. 
Hockett and Eslick (1969) found the frequency of male sterile plants 
in a field of Betzes barley to be 1 in 40,000, a mutation frequency of 
5x10 ^ (not their estimate). 
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Chromosomal Aberrations 
Moh and Smith (1951) define a gene mutation as a change in a single 
gene, although in practice it may be difficult to distinguish such 
mutations from changes involving more than one gene. The 21 mutations 
scored by MacKey (1954) in wheat were confined to four types: speltoid, 
lax spikes, short straw, and awn traits. He attributed most of these to 
chromosome aberrations. Ehrenberg et al. (1959, 1961) found 24 sterility 
mutants (translocations) in 1,303 spike progenies of barley and no viable 
mutants in 3,000 spike progenies. 
Intravariety variation may result from inherent instability of the 
plant's reproductive system (Jensen, 1965), especially in varieties not 
far removed from hybridization between parents of diverse origin. 
Examples are Burt (Coffman et al., 1925) and Clinton (Morey, 1949) oats, 
both of which had Avena byzantina in their pedigrees (Coffman, 1954). 
Fatuoid or false wild oats (Coffman and Taylor, 1936; Huskins, 1946) and 
speltoid wheats (Huskins, 1946), which result from the deletion of whole 
or parts of chromosomes which carry suppressor genes for these traits, 
arise spontaneously and frequently in cultivated varieties. Love (1951) 
postulated that abnormal chromosome behavior at meiosis in intraspecific 
wheat hybrids and their derivatives was due to the transmission of some 
gene(s) that disturb the meiotic process. Magni (1969) postulated that 
the cause of spontaneous mutations in meiosis may be due to unequal 
crossing over resulting in small duplications or deletions. 
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Electrophoresis 
Electrophoretic techniques have been used to estimate mutation rates 
at specific enzyme loci. Four studies using this technique in Drosophila, 
report rates of mutation on a locus/gamete basis of: 4,5x10 ^ by Tobari 
and Kojima (1972), 4x10 ^ by Mukai (1970), 1.81x10 ^ by Mukai and 
Cockerham (1977), and 1.28x10 ^ by Voelker et al. (1980). Most recently, 
Kahler et al. (1984) studied the spontaneous rate of mutation for five 
enzyme loci and four loci governing morphological variants in a highly ' 
homozygous isogenic line of barley. Estimates were based on assays of 
84,126 seedlings. No enzyme mutants with altered electrophoretic pheno-
types were observed in 841,260 allele replications. They estimated a 95% 
confidence limit for the upper bound of the mutation rate pooled for five 
loci to be 3.56x10 ^ mutations/locus/gamete. Morphological traits scored 
in the same material included six vs. two rowed spikes, aleurone color, 
lemma color, and rough vs. smooth awns. No phenotypes deviant from the 
normal isoline were detected. The upper 95% bound for the mutation rate 
for these three traits was 8.85x10 ^. 
Quantitative Characters 
The spontaneous occurrence of mutation of polygenetic traits may be 
greater than mutations of the major genes (East, 1936; Mukai, 1964). 
Spontaneous mutations at viability loci in Drosophila were estimated to be 
0.14 per second chromosome per generation, which translates to 35% of the 
gametes bearing X-chromosomes carrying viability mutations (Mukai, 1964). 
Skeletal dimensions of inbred mice are easily measured and highly herit­
able traits (Festing and Wolfe, 1979). Deol et al. (1957) found 21 
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variants affecting 27 skeletal traits in 72 generations, which reduced to 
a rate of 0.01 mutations/trait/generation. Given that one generation 
entails four gametes and that a mutation is detectable only 25% of the 
time, this rate would increase to 1%. Genetic divergence in mouse 
sublines arising in six to 10 generations was too small to be detected 
(Grewal, 1962). Hoi-sen (1972) studied two sublines from the same inbred 
and found that subline differences arose at a rate consistent with the 
rates found by Deol et al. (1957). 
Sprague et al. (1960) studied doubled monoploid lines of maize and 
found an average rate of mutation for nine traits was six mutations/trait/ 
100 gametes or 4.5/trait/100 gametes after adjusting for pleiotropy. In a 
second study, Russell et al. (1963) used six long-time maize inbreds and 
found an average rate of mutation of 2.8/trait/lOO gametes. 
Chandhanamutta and Frey (1975) and Frey and Chandhanamutta (1975) 
studied mutation rates of di-, tetra-, and hexaploid oats and found 
average rates of 1.2 (diploid), 0.5 (tetraploid), and 0.3 mutations/ 
trait/100 gametes (hexaploid). Differential mutability was associated 
with genotypes and traits, and estimates of within generation genetic 
variance components increased with successive generations of selfing and 
no selection, indicating that mutation is a continuing phenomenon whose 
effects accumulate over time. 
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MATERIALS AND METHODS 
Experimental Materials 
Three varieties of barley (Hordeum vulgare L.) and four of soybean 
(Glycine max (L.) Merr.) were chosen to initiate this study. The most 
important criteria used in choosing varieties were: (a) each was in an 
advanced selfing generation so that they would be highly homozygous and 
(b) each was widely grown so that the results of the study would have 
applicability to seed certification. The barley varieties were 'Larker,' 
'Manker,' and 'Morex,' and the soybean varieties were 'AP27,' 'Coles,' 
'HP20-20,' and 'Wells.' The most recently released of these, Morex barley 
and HP20-20 soybeans, were in the F10 at the beginning of preparation of 
experimental lines for the study.^ 
Production of Experimental Populations 
Experimental populations were produced using the dichotomous progeny 
scheme first proposed by Sprague et al. (1960) (Figure 1). For each 
variety, one plant became the first generation and originating genetic 
source for all subsequent generations in a family of lines. At anthesis, 
the primary spike of each barley plant was covered with a parchment bag to 
prevent outcrossing with airborne pollen. At maturity, covered spikes 
(whole plants for soybeans) were harvested and hand-threshed individually. 
Seed from each plant was bulked and stored. Precautions were used to 
^AP27 and HP20-20 were supplied by Dr. Wayne Ellingson of the North 
American Plant Breeders Company. 
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Figure 1. The dlchotomous progeny scheme 
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prevent the mixing of seed during harvest, threshing and storage, and to 
maintain the identity of each line. The second generation of a family was 
produced by growing plants from two randomly sampled seeds produced on 
each first generation plant. As in the first generation, primary spikes 
were bagged, threshed separately, and stored. For the third generation, 
two plants were grown from each second generation progeny. This procedure 
was repeated for six generations. 
Remnant seed from each plant in each generation was stored, so after 
six generations of propagation each of three barley and four soybean 
families contained remnant seed of 63 plants: the original parent, two 
generation-2, four generation-3, eight generation-4, 16 generation-5, and 
32 generation-6 plants. Subsequently, the 63 remnant seed lots in each 
family were increased in the field simultaneously. Each barley seed lot 
was increased in a hill plot and hills were spaced 1 m apart in perpen­
dicular directions at the Ames and Kanawha Agricultural Experimental Farms 
in 1981. Soybean seed lots were sent to Puerto Rico for seed increase 
2 during the 1983/1984 winter season. The bulked progeny of each plant 
within a family became one of 63 "sublines" of a family. 
Field Evaluation Experiments 
Sublines within one family were evaluated in a field experiment using 
a randomized block design. The three barley experiments, grown in 1982 at 
the Agronomy Field Research Center near Ames, Iowa, each contained eight 
Acknowledgment is due Dr. Silvia Cianzio for supervising the soybean 
seed increase in Puerto Rico. 
12 
replicates. A plot was a hill sown with 20 seeds and hills were spaced 
30.5 cm apart in perpendicular directions. Each replicate was a block, 
7x10 hills (including seven filler plots) in dimension. Two rows of hills 
were sown around each experiment to provide competition for peripheral 
plots. Experiments were grown in a Nicollet-Webster soil fertilized at a 
rate of 34-51-51 kg/ha of N-P-K, The previous crop was soybeans. Foliar 
diseases were controlled with four applications of Dithane (1.1 kg/ha) and 
a single application of Bayleton (70 g/ha). Hand cultivation was used to 
control weeds. 
The four soybean experiments were grown in 1983 at two locations near 
Ames with two replications at each location. A plot was a single row, 3.7 
m long with 1 m spacing between rows. Plots were seeded at a rate of 26 
seeds/m. Peripheral plots of a replicate were bordered with two filler 
plots, the innermost of which were sown to the variety used to originate 
the family of sublines in the experiment. Wells and AP27 plots were 
planted 27 May and Coles and HP20-20 on 2 June at the Bruner Farm near 
Ames. No fertilizer was applied. Amaben, Lasso, and Sencor were incor­
porated preplant at rates of 9.4, 4.7 1/ha and .57 kg/ha, respectively, to 
control weeds. Wells and AP27 plots were planted 27 May and Coles and 
HP20-20 on 2 June at the Woodruff Farm. Fertilizer was fall applied at a 
rate of 00-67-101 kg/ha of N-P-K. Lasso (9.4 1/ha) and Furloe (7.0 1/ha) 
were incorporated preplant to control weeds. At both locations, the soils 
of the experimental areas were of the Clarion-Nicollet-Webster associ­
ation. The experiments were cultivated to control weeds, and the previous 
crop was oats. 
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Characters Studied 
Nine traits were measured in each barley experiment. Heading date 
was recorded when 50% of the spikes in a plot were completely emerged from 
the boot. Number of spikes was counted on a plot basis. Flag leaf length 
was measured in mm on five random culms in each plot 10 days after 
anthesis. Number of kernels per spike was counted on five random spikes 
in each plot 10 days after anthesis. Plant height was recorded 20 days 
after anthesis as cm from ground surface to tips of spikes. These five 
traits were measured on three replicates which were not harvested. When 
mature, the plots in the other five replicates were harvested and dried 
and bundle weight of each was measured as grams per plot. Grain yield was 
measured as the weight of threshed grain, in grams, from a plot. Harvest 
index was calculated as a ratio of grain weight to bundle weight times 
100. Seed weight was measured on a 100-seed sample from a plot. 
Four traits were evaluated in the soybean experiments. Date of 
flowering was recorded when 50% of the plants in a row had one or more 
open flowers. After maturity, numbers of nodes per plant were counted on 
five random plants in each plot. After harvest, a 50-gram sample from 
each plot was analyzed for oil and protein percentages using methods Be 
3-49 and Ac 4-41, respectively (AOCS, 1983).^ 
Statistical Analysis 
Plot means were computed for flag leaf length and number of kernels 
per spike in barley and number of nodes per plant in soybeans. Analyses 
3 
Acknowledgment is due the USDA Northern Regional Research Center, 
Peoria, Illinois, for soybean oil and protein determinations. 
14 
of variance were computed for each trait in each experiment. Sublines 
were considered as being random. Sums of squares due to differences among 
sublines were partitioned into sources of variation due to differences 
among lines within individual generations and among generations. The reps 
X sublines mean square was used as the experimental error. To calculate 
actual rates of spontaneous mutation, the subline means for each trait 
were arranged in the dichotomous progeny scheme shown in Figure 1. 
Individual parent-progeny comparisons were made with an L.S.D. calculated 
using the experimental error from the analysis of variance. Only compari­
sons consistent with the hierarchical structure of the experiment were 
made. " Significant differences between parent and progeny or between 
siblings within a generation were counted as representing a mutational 
event only when that difference was inherited into the following 
generation. This imposed the additional restriction that statistical 
differences between generation five and six parent and progenies could not 
be counted as mutations since there was no seventh generation with which 
to verify the difference. Mutation events for all family-trait combina­
tions were then summed and this sum was used to calculate an average 
mutation rate. Since the rate is expressed in units of mutations per 
trait per 100 gametes, it was necessary to determine the number of gametes • 
sampled. Significant comparisons representing mutations were accepted as 
having occurred between generations one and two, two and three, three and 
four, and four and five. Therefore, the total number of gametes sampled 
in each family was 60: two for every individual in generations two 
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through five. An average mutation rate for a trait in each crop species 
was then calculated as : 
[(m / (t * f)) / g] * 100 
where 
in = total number of mutations, 
t = total number of traits., 
f = total number of families, and 
g = total number of gametes per experiment. 
Genotypic variances among sublines and among sublines within genera­
tions were calculated based on the following relationship; that the 
sublines mean square is a sum of the error variance plus the among 
sublines genetic variance component multiplied by the appropriate number 
of replications. Genotypic covariances were calculated in the same way by 
substituting appropriate covariance terms. Genotypic variance and 
covariance estimates were used to estimate genotypic correlations. This 
was done only among traits having significant sublines mean squares. 
Among generations suras of squares were further partitioned into a linear 
component to determine if the variation among generations represented a 
directional change. This was done by using a weighted regression of 
generation means, for a particular trait, on generation. The significance 
of the model sums of squares was tested using the experimental error mean 
square as the denominator in the F ratio. 
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RESULTS 
Analyses of Variance 
Barley 
The mean squares from the analyses of variance for flag leaf length, 
number of kernels per spike, heading date, number of spikes per plot, 
plant height, bundle weight, grain weight, harvest index, and 100 seed 
weight measured on lines derived from Larker, Manker, and Morex barley 
varieties are presented in Tables 2-10, respectively. Generation means 
for these traits for the three varieties are given in Table 11. The 
2 
regression coefficients (b) and coefficients of determination (r ) 
corresponding to the mean squares for linear regression of generation 
means on generation numbers are presented in Table 12 along with the 
experiment means and their standard errors. 
Subline 11 (Figure 1) was missing in all three experiments (Figures 
A1-A27). Subline 1, the original parent plant in the Morex-derived 
experiment, was missing (Figures A19-A27) and only two replicates of 
subline 10 were available for measurement in this experiment. Appropriate 
adjustments of degrees of freedom are shown in the analyses of variance. 
Significant genetic variation for flag leaf length occurred only 
among lines in generation six of Morex (Table 2). Generation means did 
not differ significantly for any of the varieties. Significant variation 
among lines or among generation means did not occur for number of kernels 
per spike (Table 3) in any experiment. 
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Table 2. Mean squares from the analyses of variance for flag leaf length 
of barley lines derived from Larker, Manker, and Morex varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 2 256 770* 209 
Lines 61 (60)* 142 160 178 
lines/gen. 2 1 580 308 6 
lines/gen. 3 3 97 228 229 
lines/gen. 4 6 65 39 123 
lines/gen. 5 15 218 192 142 
lines/gen. 6 31 118 171 209* 
generations 5 (4) 100 70 166 
linear 1 258 67 474 
residual 4 (3)  61 71 58 
Error 122 (119) 180 
00 
139 
Total 185 (181) 169 182 153 
^Degrees of freedom in parentheses applicable to Morex only. 
* 
Significant at the .05 probability level. 
Table 3. Mean squares from, the analyses of variance for kernel number of 
barley lines derived from Larker, Manker, and Morex varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 2 18.0 151.3** 35.8 
Lines 61 (60)* 17.0 13.0 11.2 
lines/gen. 2 1 29.0 19.4 29.0 
lines/gen. 3 3 37.8 7.8 5.9 
lines/gen. 4 6 5.1 11.3 7.9 
lines/gen. 5 15 21.2 8.7 12.7 
lines/gen. 6 31 16.5 14.7 11.2 
generations 5 (4) 7.4 18.7 10.5 
linear 1 0.4 2.9 .  39 .6  
residual 4 (3)  9.2 22.6 0.8 
Error 122 (119) 21.8 11.0 14.1 
Total 185 (181) 20.2 13.2 13.4 
^Degrees of freedom in parentheses applicable to Morex only. 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
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Table 4. Mean squares from the analyses of variance for heading date of 
barley lines derived from Larker, Hanker, and Morex varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 2 0.72 21.02** 8.70** 
Lines 61 (60)* 0.81 4.79** 1.61* 
lines/gen. 2 1 0.00 8.17 0.17 
lines/gen. 3 3 1.11 0.97 1.00 
lines/gen. 4 6 0.10 2.54 1.50 
lines/gen. 5 15 0.85 4.04 1.15 
lines/gen. 6 31 0.89 5.16** 1.68* 
generations 5 (4) 0.97 8.10** 3.68** 
linear 1 0.14 1.51 0.02 
residual 4 (3)  1.18 9.75** 4.91** 
Error 122 (119) 0.75 2.57 1.03 
Total 185 (181) 0.77 3.47 1.31 
^Degrees of freedom in parentheses applicable to Morex only. 
•k ** 
' Significant at the .05 and .01 probability levels, respectively. 
Table 5. Mean squares from the analyses of variance for spikes per plot 
of barley lines derived from Larker, Hanker, and Horex varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 2 187.4** 17.5 133.6* 
Lines 61 (60)3 24.7 41.7** 46.4* 
lines/gen. 2 1 0.0 66.7 37.5 
lines/gen. 3 3 44.1 28.8 42.5 
lines/gen. 4 6 17.3 13.5 23.2 
lines/gen. 5 15 40.8** 73.7** 22.8 
lines/gen. 6 31 20.3 32.5 58.4** 
generations 5 (4)  5.9 39.8 82.0** 
linear 1 20.9 4.7 46.9 
residual 4 (3)  2.1 48.6 93.7* 
Error 122 (119) 18.7 22.4 32.7 
Total 185 (181) 22.5 28.8 38.3 
^Degrees of freedom in parentheses applicable to Morex only. 
* ** 
' Significant at the ,05 and .01 probability levels, respectively. 
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Table 6. Mean squares from the analyses of variance for plant height of 
barley lines derived from Larker, Manker, and Morex varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 2 170.0** 162.7** 25.2 
Lines 61 (60)* 10.4 13.2 15.9 
lines/gen. 2 1 24.0 10.7 10.7 
lines/gen. 3 3 1.2 3.9 6.6 
lines/gen. 4 6 10.0 16.3 23.6 
lines/gen. 5 15 14.8 7.7 17.2 
lines/gen. 6 31 9.7 16.0 15.4 
generations 5 (4) 4.8 14.5 12.2 
linear 1 3.1 0.1 1.1 
residual 4 (3)  5.2 18.2 15.9 
Error 122 (119) 10.3 13.9 17.6 
Total 185 (181) 12.1 15.3 17.1 
Degrees of freedom in parentheses applicable to Morex only. 
** 
Significant at the .01 probability level. 
Table 7. Mean squares from the analyses of variance for bundle weight of 
barley lines derived from Larker, Manker, and Morex varieties 
Source of 
variation 
Degrees of 
freedom 
Mean squares 
Larker Manker Morex 
Replicates 4 648,494** 127,759* 39,789 
Lines 61 (60)* 26,237 71,940** 33,977 
lines/gen. 2 1 26,695 0 2,271 
lines/gen. 3 3 11,880 118,596* 17,910 
lines/gen. 4 6 44,888 13,621 23,818 
lines/gen. 5 15 21,975 163,222** 29,843 
lines/gen. 6 31 29,217 42,162 36,892 
generations 5 (4)  6,685 39,094 62,095 
linear 1 2 74,313 98,459 
residual 4 (3)  8,356 30,289 49,974 
Error 244 (237) 24,463 41,186 27,232 
Total 309 (301) 32,892 48,378 28,744 
Degrees of freedom in parentheses applicable to Morex only. 
* 
' Significant at the .05 and .01 probability levels, respectively. 
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Table 8. Mean squares from the analyses of variance for grain weight of 
barley lines derived from Larker, Manker, and Morex varieties 
Source of 
variation 
Degrees of 
freedom 
Mean squares 
Larker Manker Morex 
Replicates 4 106,110** 42,386** 28,832** 
Lines 61 (60)* 6,193 16,273** 7,817 
lines/gen. 2 1 11,134 939 568 
lines/gen. 3 3 5,137 21,828 3,939 
lines/gen. 4 6 8,927 5,645 3,769 
lines/gen. 5 15 4,108 35,483** 5,339 
lines/gen. 6 31 6,562 10,458 9,223 
generations 5 (4)  6,524 7,185 17,006* 
linear 1 6,674 21,490 48,717** 
residual 4 (3)  6,486 3,608 6,436 
Error 244 (237) 7,367 9,107 6,795 
Total 309 (301) 8,413 10,953 7,292 
^Degrees of freedom in parentheses applicable to Morex only. 
' Significant at the .05 and .01 probability levels, respectively. 
Table 9. Mean squares from the analyses of variance for harvest index of 
barley lines derived from Larker, Manker, and Morex varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 4 32.7 55.9** 104.8** 
Lines 61 (60)* 15.3 18.3 21.7 
lines/gen. 2 1 12.6 10.5 24.0 
lines/gen. 3 3 27.0 19.5 6.4 
lines/gen. 4 6 6.2 13.2 8.4 
lines/gen. 5 15 9.0 13.0 15.2 
lines/gen. 6 31 15.0 23.2* 26.9 
generations 5 (4)  40.4 9.9 36.8 
linear 1 100.4* 0.5 53.9 
residual 4 (3)  25.4 12.3 31.1 
Error 244 (237)  19.9 14.8 24.5 
Total 309 (301) 19.2 16.0 25.0 
^Degrees of freedom in parentheses applicable to Morex only. 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
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Table 10. Mean squares from the analyses of variance for 100 seed weight 
of barley lines derived from Larker, Manker, and Mo rex 
varieties 
Source of Degrees of Mean squares 
variation freedom Larker Manker Morex 
Replicates 4 2.02** 1.14** 3.44** 
Lines 61 (60)* 0.091 0.078 0.067 
lines/gen. 2 1 0.064 0.004 0.196 
lines/gen. 3 3 0.053 0.015 0.149 
lines/gen. 4 6 0.240** 0.012 0.051 
lines/gen. 5 15 0.041 0.094 0.030 
lines/gen. 6 31 0.084 0.088 0.075 
generations 5 (4) 0.108 0.104 0.068 
linear 1 0.297 0.210 0.027 
residual 4 ( 3 )  0.061 0.077 0.081 
Error 244 (237) 0.080 0.067 0.089 
Total 309 (301) 0.107 0.083 0.129 
^Degrees of freedom in parentheses applicable to Morex only. 
• Significant at the .01 probability level. 
The mean squares among lines for heading date were significant in 
Manker and Morex (Table 4). In both varieties, these significant sources 
of variation were caused by significant variation among lines in genera­
tion 6 and among generation means. In both cases, the highly significant 
variation among generations was nonlinear (Table 4); this is evident from 
inspection of generation means (Table 11). Variation among lines and 
generations was nonsignificant in Larker. 
The mean squares for variation among lines in generation 5 were 
significant for number of spikes per plot in Larker and Manker (Table 5) 
and among lines in Manker. The mean squares for variation among lines and 
among lines in generation 6 were significant in Morex. Variation among 
Table 11. Generation means for nine characters measured on barley lines derived from Larker, Manker, 
and Morex cultivars 
100 
Cul- Genera­• No. Leaf Kernel Heading Spikes/ Plant Bundle Grain Harvest seed 
tivar tion lines length number date plot height weight weight index weight 
(mm) (in June) (cm) (g/m ) (g/m ) (%) (g) 
Larker 1 1 151.2 49.2 17.0 32.0 98.0 938.6 434.9 46.5* 3.56 
2 2 146.9 50.2 16.3 32.7 97.3 876.2 380.0 43.4 3.36 
3 4 145.2 48.8 16.7 32.4 98.2 938.6 433.8 46.4 3.40 
4 7 149.9 49.1 16.5 32.0 97.9 906.0 401.0 44.0 3.43 
5 16 148.8 50.1 16.9 31.3 98.4 919.8 406.7 44.4 3.40 
6 32 151.0 49.2 16.7 31.4 97.6 915.0 399.3 43.5 3.34 
Manker 1 1 151.7 68.8 19.0* 30.3 101.3 1110.8 482.2 43.0 3.28 
2 2 159.1 63.8 19.5 30.7 102.7 1104.4 496.2 44.7 3.24 
3 4 158.3 63.8 19.9 30.2 101.5 1091.5 497.3 45.6 3.30 
4 7 154.4 64.1 19.5 28.9 99.5 1091.8 491.8 45.0 3.17 
5 16 156.6 65.4 20.8 27.9 100.7 1023.2 465.5 45.4 3.24 
6 32 154.8 65.0 19.9 30.2 101.2 1052.5 469.6 44.7 3.18 
Morex 1 0 —— —— — —  — — —'— — —  —— —— 
2 2 130.2 55.8 17.2* 33.2* 99.3 893.4 412.3* 46.3 2.92 
3 4 133.1 55.1 17.5 36.3 99.2 881.0 391.8 44.8 3.09 
4 7 132.2 55.0 18.5 30.9 98.0 819.7 390.2 47.8 3.00 
5 16 136.8 54.2 17.6 33.9 99.8 905.1 423.3 46.8 3.00 
6 32 136.6 54.0 17.8 34.9 99.1 914.3 432.1 47.4 3.03 
Significant (p^.05) mean square for variation among generation means from the analyses of 
variance and significant linear regression of generation means on generation number for harvest index 
in Larker. 
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Table 12. Experiment means and standard errors, regression coefficients 
(b), and coefficients of determination (r ) from linear regres­
sions of generation means on generation number for nine traits 
in Larker, Hanker, and Morex barley experiments 
b r exp. 
Larker 
Leaf length (mm) 0.99 0.51 148.8 + 0.98 
Kernel number -0.04 0.01 49.4 + 0.34 
Heading date (in June) 0.02 0.03 16.7 + 0.06 
Spikes/plot -0.28 0.71 32.0 + 0.32 
Plant height (cm)2 -0.11 0.13 97.9 + 0.24 
Bundle weight(g/m^) 0.07 0.00 915.7 + 8.88 
Grain weight (g/m ) -3.90 0.20 409.3 + 4.87 
Harvest index (%) -0.48* 0.50 44.7 + 0.25 
100 seed weight (g) -0.03 0.55 3.4 + 0.02 
Manker 
Leaf length (mm) -0.50 0.19 155.8 + 0.99 
Kernel number 0.10 0.03 65.2 + 0.24 
Heading date (in June) 0.08 0.04 19.8 + 0.12 
Spikes/plot 0.13 0.02 29.7 + 0.35 
Plant height (cm) ^ 0.02 0.00 101.2 + 0.27 
Bundle weight (g/m ) -12.98 0.38 1079.0 + 11.53 
Grain weight (g/m ) -6.98 0.60 483.8 + 5.42 
Harvest index (%) -0.03 0.01 44.7 + 0.22 
100 seed weight (g) -0.02 0.41 3.2 + 0.01 
Morex 
Leaf length (mm) 1.50 0.73 133.8 + 0.87 
Kernel number -0.43 0.94 54.8 + 0.28 
Heading date (in June) 0.01 0.00 17.7 + 0.08 
Spikes/plot 0.47 0.14 33.8 + 0.42 
Plant height (cm) ^ 0.07 0.02 99.1 + 0.31 
Bundle weight (g/m ) 16.75 0.40 882.7 + 9.50 
Grain weight (g/m ) 11.80** 0.72 409.9 + 4.74 
Harvest index (%) 0.39 0.37 46.6 + 0.28 
100 seed weight (g) 0.01 0.10 3.0 + 0.02 
*  **  
' Significant (p£.05) and highly significant (p^.Ol) linear 
regression of generation means on generation number, respectively. 
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generation means was highly significant in Morex but nonsignificant in 
Larker and Manker. The variation among generation means in Morex was 
nonlinear (Tables 5 and 11). All sources of genetic variation for plant 
height in Larker, Manker, and Morex analyses of variance were nonsignifi­
cant (Table 6). 
Variation for bundle weight in Manker (Table 7) was significant among 
lines and among lines in generations 3 and 5. All other sources of 
variation for bundle weight in Larker, Manker, and Morex were 
nonsignificant. 
Variation among lines and among lines in generation 5 was highly 
significant for grain weight in Manker (Table 8). Significant variation 
among generation means in Morex was due to a highly significant linear 
trend (Tables 8 and 11). The regression coefficient was 11.8 g/generation 
which predicts a 3% increase (percent of experimental mean) in grain yield 
per generation (Table 12). The linear model accounted for 72% of the 
variation for grain yield (r =0.72) over the six generations. Variation 
among generation means was nonsignificant for Larker and Manker. 
A significant linear regression of generation means on generation 
number occurred for harvest index in Larker (Tables 9 and 11). The 
regression value of -0.48 percent/generation predicted a 1.10% (percent of 
experimental mean) decline in harvest index per generation (Table 12). 
2 
Fifty percent of the variation among generations (r =0.50) was accounted 
for by the linear model. Variation among generations was nonsignificant 
in Manker and Morex, but significant variation occurred among lines in 
generation 6 of Manker. Significant variation occurred among lines in 
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generation 4 for 100-seed weight in Larker (Table 10). Other sources of 
genetic variation were nonsignificant in all varieties. 
Coefficients of variation (CV) for the nine traits from the three 
experiments are presented in Table 13. The CVs for a trait were con­
sistent across experiments. 
Soybeans 
Mean squares from the analyses of variance for flowering date, number 
of nodes per plant, seed protein percentage, and oil percentage measured 
on lines derived from AP27, Coles, HP20-20, and Wells soybean varieties 
are presented in Tables 14-17, respectively, and generation means for 
these traits appear in Table 18. Regression coefficients (b) and coef-
2 ficients of determination (r ) corresponding to the mean squares for 
linear regression of generation means on generation numbers are presented 
in Table 19 along with the experiment means and their standard deviations. 
Subline 60 was missing in the Coles experiment (Figures 1 and 
A32-A35) and subline 19 was missing in the HP20-20 experiment (Figures 1 
and A36-A39). Replicates for some other sublines were missing also, but 
there were always at least three replicates of a subline available for 
measurement. An exception was subline 28 in Wells which had only two 
replicates. Appropriate adjustments in degrees of freedom are reflected 
in the analysis of variance tables. 
Genetic variation among lines was significant in Coles and highly 
significant in HP20-20 and Wells for flowering date (Table 14). 
Contributing to variation among lines were significant mean squares for 
lines within generation 4 in Coles, generations 5 and 6 in HP20-20, and 
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Table 13. Coefficients of variation for nine characters measured on 
barley lines derived from Larker, Manker, and Morex varieties 
100 
Vari- Leaf Kernel Heading Spikes/ Plant Bundle Grain Harvest seed 
ety length number date plot height weight weight index weight 
Larker 9.0 9.4 5.2 13.7 3.3 17.1 21.3 10.1 8.4 
Manker 8.7 5.1 8.0 16.1 3.7 19.2 20.1 8.6 8.1 
Mo rex 8.7 6.9 5.7 16.7 4.2 18.4 19.5 10.5 9.9 
Table 14. Mean squares from the analyses of variance for flowering date 
of soybean lines derived from AP27, Coles, HP20-20, and Wells 
varieties 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
AP27 Coles^ HP20-20^ Wells'^ 
Replicates 3 95.82** 0.190 24.931** 27.064** 
Lines 62 0.434 0.941* 1.230** 0.710** 
lines/gen. 2 1 0.500 0.000 0.125 1.125 
lines/gen. 3 3 0.083 0.750 0.417 0.083 
lines/gen. 4 7 0.500 1.700* 0.863 1.143** 
lines/gen, 5 15 0.574 0.769 1.453* 0.571 
lines/gen. 6 31 0.410 0.868 1.369** 0.573 
generations 5 0.276 1.146 0.967 1.662** 
linear 1 0.703 0.576 0.395 1.500 
residual 4 0.170 1.288 1.110 1.701** 
Error 186 0.371 0.670 0.737 0.398 
Total 251 1.527 0.733 1.163 0.805 
^Variations in degrees of freedom are 61 (lines), 30 (lines/gen. 5), 
174 (error), and 238 (total). 
Variations in degrees of freedom are 61 (lines), 14 (lines/gen. 4), 
177 (error), and 241 (total). 
Variations in degrees of freedom are 179 (error) and 244 (total). 
* 
' Significant at the .05 or .01 probability levels, respectively. 
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Table 15. Mean squares from the analyses of variance for number of nodes 
per plant of soybean lines derived from AP27, Coles, HP20-20, 
and Wells varieties 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
AP27 Coles^ HP20-20^ Wells'^ 
Replicates 3 25.293** 4.443 3.095 16.252** 
Lines 62 0.892 1.857 1.762 1.340 
lines/gen. 2 1 ' 2.880 5.120 11.045* 0.320 
lines/gen. 3 3 0.923 0.437 3.547 0.770 
lines/gen. 4 7 0.604 1.322 1.136 2.277 
lines/gen. 5 15 1.211 1.100 0.926 1.267 
lines/gen. 6 31 0.706 2.227 1.682 1.368 
generations 5 1.078 2.868 2.543 0.630 
linear 1 0.522 1.643 1.093 0.870 
residual 4 1.216 3.174 2.905 0.567 
Error 186 0.845 1.762 , 1.751 1.178 
Total 251 1.149 1.818 1.770 1.404 
^Variations in degrees of freedom are 61 (lines), 30 (lines/gen. 5), 
183 (error), and 247 (total). 
Variations in degrees of freedom are 61 (lines), 14 (lines/gen. 4), 
183 (error), and 247 (total). 
^Variations in degrees of freedom are 180 (error) and 245 (total). 
* ** 
' Significant at the .05 or .01 probability levels, respectively. 
generation 4 and among generations in Wells (Table 18). Sources of 
genetic variation for flowering date in AP27 were nonsignificant. 
Significant variation for number of nodes per plant occurred only among 
lines in generation 2 in HP20-20 (Table 15). All other sources of 
variation in HP20-20, AP27, Coles, and Wells were nonsignificant. 
Variation for seed protein percentage was significant among lines in 
generation 3 in AP27 (Table 16) and among generation means in HP20-20 
(Table 18). Other sources of variation for seed protein percentage in 
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Table 16. Mean squares from the analyses of variance for seed protein 
percentage of soybean lines derived from AP27, Coles, HP20-20, 
and Wells varieties 
Degrees „ 
^ Mean squares 
Source of of ^ r 
variation freedom AP27 Coles^ HP20-20 Wells^ 
Replicates 3 2.497** 15.219** 2.773** 14.602** 
Lines 62 0.301 0.387 0.610 0.311 
lines/gen. 2 1 0.031 0.720 0.080 0.020 
lines/gen. 3 3 0.840* 0.115 0.724 0.137 
lines/gen. 4 7 0.417 0.418 0.260 0.155 
lines/gen. 5 15 0.311 0.255 0.506 0.335 
lines/gen. 6 31 0.203 0.446 0.631 0.380 
generations 5 0.442 0.482 1.299* 0.191 
linear 1 0.119 0.939 0.004 0.549 
residual 4 0.524 0.369 1.623** 0.102 
Error 185 0.283 0.383 0.484 0.341 
Total 250 0.314 0.565 0.543 0.508 
^Variations in degrees of freedom 
183 (error), and 247 (total). 
^Variations in degrees of freedom 
182 (error), and 246 (total). 
^Variations in degrees of freedom 
* 
' Significant at the .05 or .01 
are 61 (lines), 30 (lines/gen. 5), 
are 61 (lines), 14 (lines/gen. 4), 
are 180 (error) and 245 (total), 
probability levels, respectively. 
these experiments were nonsignificant. Variation for seed oil percentage 
occurred in all experiments (Table 17). Variation among lines was 
significant in generation 4 in AP27, in generation 5 in Coles, and in 
generation 3 in HP20-20. The mean square for linear regression of 
generation means on generation numbers was significant in Wells (Table 
18). The linear model accounted for 50% of the variation in seed oil 
percentage (r =.50) (Table 19), but the b value was only .04. Other 
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Table 17. Mean squares from the analyses of variance for seed oil 
percentage of soybean lines derived from AP27, Coles, HP20-20, 
and Wells varieties 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
AP27 Coles^ HP20-20^ Wells^ 
Replicates 3 1.478** 2.934** 0.457 5.097** 
Lines 62 0.137 0.128 0.240 0.132 
lines/gen. 2 1 0.113 0.001 0.125 0.125 
lines/gen. 3 3 0.146 0.014 0.512* 0.094 
lines/gen. 4 7 0.444** 0.081 0.171 0.194 
lines/gen. 5 15 0.069 0.232* 0.256 0.070 
lines/gen. 6 31 0.111 0.098 0.220 0.143 
generations 5 0.091 0.156 0.281 0.188 
linear 1 0.275 0.182 0.078 0.466* 
residual 4 0.045 0.149 0.332 0.118 
Error 185 0.101 0.138 0.183 0.121 
Total 250 0.127 0.170 0.200 0.185 
^Variations in degrees of freedom are 61 (lines), 30 (lines/gen. 5), 
183 (error), and 247 (total). 
Variations in degrees of freedom are 61 (lines), 14 (lines/gen. 4), 
182 (error), and 246 (total). 
^'Variations in degrees of freedom are 180 (error) and 246 (total). 
* ** 
' Significant at the .05 or .01 probability levels, respectively. 
sources of variation for seed oil percentage in these experiments were 
nonsignificant. 
Coefficients of variation for the four traits measured in the four 
soybean experiments are presented in Table 20. CVs for a trait were 
consistent across experiments. 
Table 18. Generation means for four characters measured on soybean lines derived from AP27, Coles, 
HP20-20, and Wells cultivars 
Flower- Flower-
Genera- No. ing Nodes/ Protein Oil Genera- No. ing Nodes/ Protein Oil 
tion lines date plant % % tlon lines date plant % % 
(in July) (in July) 
AF27 HP20-20 
1 1 15.0 21. 1 41.5 21.2 1 1 9.5 19.4 40.6* 22.5 
2 2 14.8 20. 1 40.8 21. 3 2 2 9. 1 19. 5 39.9 22.8 
3 4 14. 9 20.0 41. 1 21.2 3 4 8.6 19.2 39.5 23.0 
4 8 15. 1 20. 3 41.2 21.2 4 8 9. 1 20.2 40.0 22.9 
5 16 15.0 20. 1 41. 1 21.2 5 15 9.0 20.0 39.7 23.0 
6 32 15. 1 20. 1 41. 1 21. I 6 32 9. 1 19. 8 39.9 22. 9 
Coles Wells 
1 I 8.0 19. 5 42. 1 21. 8 1 1 10.5** 20. 3 41.2 22.3* 
2 2 8.8 19.4 41.5 21.9 2 2 10.9 21.1 41.2 22.0 
3 4 7.9 19. 5 41,6 21.8 3 4 10.6 20. 7 41.2 22. 1 
4 8 7.9 19. 6 41.6 21. 7 4 8 10.0 20. 5 41.0 22.2 
5 16 7.9 19. 9 41.4 21.8 5 16 10.4 20. 5 41.0 22.2 
6 31 8.0 19. 3 41. 5 21. 9 6 32 10.3 20. 5 41.0 22.3 
' Significant (p^.05) or highly significant (pOOl) mean square for variation among generation 
means from the analysis of variance, respectively, and significant linear regression of generation 
means on generation for oil % in Wells. 
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Table 19. Experiment means and standard errors, regression coefficients 
(b), and coefficients of determination (r^) from linear regres­
sions of generation means on generation number for four traits 
in AP27, Coles, HP20-20, and Wells soybean varieties 
exp. 
AP27 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
15.05 + .001 
20.14 + .003 
41.10 + .001 
21.16 + .000 
0.04 
-0.04 
-0.02 
-0.03 
0.51 
0.10 
0.05 
0.60 
Coles 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
HP20-20 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
Veils 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
7.95 + .003 
19.53 + ,007 
41.48 + .002 
21 .82  +  .001  
9.05 + .003 
19.83 + .007 
39.83 + .002 
22.88 + .001 
10.31 + .002 
20.52 + .005 
41.05 + .001 
22.23 + .000 
-0.04 
-0.07 
-0.05 
0.02 
0.03 
0.06 
0.00 
0.01 
-0.06 
-0.05 
-0.04 
0.04* 
0.10 
0.11 
0.39 
0.23 
0.08 
0.09 
0.00 
0.06 
0.18 
0.28 
0.57 
0.50 
Significant (p^.05) linear regression of generation means on 
generation. 
Genetic Correlations 
Genetic correlation coefficients (r^) calculated among traits having 
significant genetic components of variance among lines, summarized in 
Tables 22 and 27, are presented in Table 21. Heading date was negatively 
correlated with spikes per plot in Manker and Morex, and negatively 
correlated with bundle weight and grain weight in Manker. Other 
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Table 20. Coefficients of variation for four characters measured on 
soybean lines derived from AP27, Coles, HP20-20, and Wells 
varieties 
Flowering Nodes/ Protein Oil 
Variety date plant % % 
AP27 4.05 4.56 1.30 1.51 
Coles 10.29 6.80 1.49 1.70 
HP20-20 9.48 6.67 1.75 1.87 
Wells 6.12 5.29 1.42 1.57 
Table 21. Genetic correlations among pairs of traits measured on barley 
lines derived from Manker and Morex varieties 
Heading Spikes/ Bundle 
date plot weight 
Manker 
Spikes/plot 
Bundle weight 
Grain weight 
Mo rex 
Spikes/plot 
-0.80 1 0.79 
-0.57 0.79 1 
-0.46 0.82 0.99 
-0.75 1 
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Table 22. Genetic, components of variance (ôg) for nine characters 
measured on barley lines derived from Larker, Manker, and Morex 
varieties 
Larker Manker Morex 
Leaf length __a — 13.22 
Kernel number 0.641 — 
Heading date 0.020 0.714** 0.192* 
Spikes/plot 1.981 6.440** 4.584* 
Plant height 0.031 — 
Bundle weight 7634.8** 3498.3 
Grain weight 1303.8** 436.2 
Harvest index 0.155 1.185 
100 seed weight 0.013 0.002 
^Represent negative estimates. 
* ** 
Significant at the .05 and .01 probability levels, respectively. 
correlations, also in Manker, were spikes per plot with bundle weight and 
grain weight and between bundle weight and grain weight. 
Genetic Components of Variance 
Barley 
The environmental variance components and the genetic variance 
components for among lines within generations are presented for Larker, 
Manker, and Morex in Tables 23, 24, and 25, respectively. Only two 
genetic variance components were significant in Larker (Table 26). These 
were the components for number of spikes per plot in generation 5 and for 
100-seed weight in generation 4. In Manker, the genetic variance 
2 2 
Table 23. Environmental (de) and genetic variance (8g) components for the five within-generation 
partitions for each trait studied in the Larker experiment 
Generation (ô^) 
Trait 2 3 4 5 6 
e 
Leaf length 180, .41 133, .25 -27, .84 -38. 62 12. 58 20. ,81 
Kernel number 21, .81 2. 41 5, .32 -5. ,58 -0. 22 -1. ,78 
Heading date 0. 75 -0. 25 0, .12 -0. ,22 0. ,04 0. ,05 
Spikes/plot 18. 74 —6. 25 8. ,45 -0. ,49 7. ,36* 0. ,51 
Plant height 10. ,33 4. ,56 -3. ,04 -0. ,12 1. ,47 -0. ,19 
Bundle weight 24, ,463. ,3 446. ,3 -2,516. ,7 4,085. ,0 -497. ,6 950. ,8 
Grain weight 7, ,366. ,7 753. ,5 -446. ,0 312. ,0 -651. ,8 -161. ,0 
Harvest index 19. ,94 — 1. ,48 1. ,41 -2. 76 -2. 19 -0. 99 
100 seed weight 0. 080 -0. 003 -0. ,006 0. 032** -0. 008 0. 001 
* ** 
' Significant at the .05 and .01 levels of probability, respectively. 
Table 24. Environmental (Sg) and genetic variance (®g) components for the five wlthln-generatlon 
partitions for each trait studied in the Manker experiment 
2 Generation (8^) 
Trait 
e 
2 3 4 5 6 
Leaf length 183.66 41.50 14.94 -48.24 2.80 -4.24 
Kernel number 11.04 2.80 -1.07 0.09 -0.78 1.22 
Heading date 2.57 1.87 -0.53 -0.01 0.49 0.86** 
Spikes/plot 22.43 14.75 2.12 -2.96 17.10** 3.35 
Plant height 13.90 -3.34 -1.08 0.81 ' -2.06 0.69 
Bundle weight 41 ,185.7 —8 ,237.1 15,482.1* -5,512.9 24,407.3** 195.3 
Grain weight 9 ,107.4 -1 ,633.8 2,344.2 -692.4 5,275.1** 270.0 
Harvest index 14.81 -0.86 0.94 -0.32 -0.36 1.69* 
100 seed weight 0.067 -0.013 -0.010 -0.011 0.005 0.004 
A ** 
' Significant at the .05 and .01 levels of probability. respectively. 
Table 25. Environmental (Og) and genetic variance (Og) components for the five within-generation 
partitions for each trait studied in the Morex experiment 
Generation (8^) 
g 
Trait Oe 2 3 4 5 6 
Leaf length 138.77 -44.12 30.10 -5.19 1.19 23.51* 
Kernel number 14.11 4.98 -2.74 -2.09 -0.48 -0.98 
Heading date 1.03 -0.29 -0.01 0.16 0.04 0.22* 
Spikes/plot 32.67 1.61 3.29 -3.15 -3.28 8.57** 
Plant height 17.64 -2.32 -3.69 1.97 -0.16 -0.76 
Bundle weight 27,232.3 -4,992.3 — 1,864.4 -682.9 522.1 1,932.0 
Grain weight 6,795.2 -1,245.5 -571.2 -605.2 -291.3 485.6 
Harvest index 24.46 -0.10 -3.61 -3.21 -1.85 2.47 
100 seed weight 0.089 0.021 0.012 -0.008 -0.012 -0.003 
* ** 
' Significant at the .05 and .01 levels of probability. respectively. 
Table 26. Environmental (Ô^) and genetic, variance (Og) components for the five within-generation 
partitions for each trait studied in the Larker, Manker, and Morex experiments 
^2 
Generation (o^) 
Trait a 
e 
2 3 4 5 6 
Leaf length 167.61 43.54 5.73 -30.68 5.52 13.36 
Kernel number 15.65 3.40 0.503 -2.53 -0.493 -0.513 
Heading date 1.45 0.53 -0.14 -0.02 0.19 0.38 
Spikes/plot 24.61 3.37 4.62 -2.20 7.06 4.14 
Plant height 13.96 -0.37 -2.60 0.89 -0.25 -0.09 
Bundle weight 30,960.4 -4,261.0 3,700.3 -703.6 8,143.9 1,026.0 
Grain weight 7,756.4 -708.6 442.3 -328.5 1,444.0 198.2 
Harvest index 19.74 -0.81 -0.42 -2.09 -1.47 1.06 
100 seed weight 0.079 0.002 -0.001 0.004 -0.005 0.001 
* ** 
' Significant at the .05 and .01 levels of probability. respectively. 
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Table 27. Genetic components of variance (ôg) for four'characters 
measured on soybean lines derived from AP27, Coles, HP20-20, 
and Wells varieties 
AP27 Coles HP20-20 Wells 
Flowering date 0.016 0.068* 0.123** 0.078** 
Nodes/plant 0.012 0.024 0.003 0.041 
Protein % 0.005 0.001 0.032 —^ 
Oil % 0.009 — 0.014 0.003 
^Represents negative estimates. 
* ** 
' Significant at the .05 and .01 probability levels, respectively. 
components were significant for heading date and harvest index in genera­
tion 6, number of spikes per plot, bundle weight, and grain weight in 
generation 5, and bundle weight in generation 3 (Table 24). Genetic 
components of variance for leaf length, heading date and number of spikes 
per plot were significant in generation 6 of Morex (Table 25). 
'\2 <^ 2 
Average and estimates for the three barley experiments are 
presented in Table 26. 
Soybeans 
Environmental and genetic variance components for within generations 
are presented for AP27, Coles, HP20-20, and Wells in Tables 28 and 29. 
Genetic components of variance for flowering date were significant in 
generation 4 for Coles and Wells and generations 5 and 6 for HP20-20 
(Tables 28 and 29). 
Table 28. Environmental (Og) and genetic variance (cTg) components for the five within—generation 
partitions for each character studied in the AP27 and Coles experiments 
Generation (ô^) 
•^2 8 
O : % : u
e 2 .3 4 5 6 
AP27 
Flowering date 0.371 0.032 -0.072 0.032 0.051 0.010 
Nodes/plant 0.845 0.509 0.020 -0.060 0.092 -0.035 
Protein % 0.283 -0.063 0.139* 0.034 0.007 0.020 
Oil % 0.101 0.003 0.011 0.086** -0.008 0.003 
Coles 
Flowering date 0.670 0.000 0.020 0.258* 0.025 0.050 
Nodes/plant 1.762 0.840 -0.331 -0.110 -0.166 0.116 
Protein % 0.383 0.084 -0.067 0.009 -0.032 0.016 
Oil % 0.138 -0.034 -0.031 -0.014 0.024* -0.010 
* ** 
' Significant at the .05 and .01 levels of probability. respectively. 
Table 29. Environmental (o^) and genetic variance (Og) components for the five within-generation 
partitions for each character studied in the HP20-20 and Wells experiments 
Generation (o ) 
-2 f 
e 2 3 4 5 6 
HP20-20 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
Wells 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
0.737 
1.751 
0.484 
0.183 
-0.153 
2.324* 
-0 .101  
-0.015 
-0.080 
0.449 
0.060 
0.082* 
0.032 
-0.154 
-0.056 
-0.003 
0.179* 
-0.206 
0.006 
0.018 
0.158** 
-0.017 
0.037 
0.009 
0.398 
1.178 
0.341 
0 . 1 2 1  
0. 182 
-0.215 
-0.080 
0.001 
-0.079 
-0 .102  
-6.051 
-0.007 
0.186** 
0.275 
-0.047 
0.018 
0.043 
0.022 
-0.002 
-0.013 
0.044 
0.048 
0.010 
0.006 
* ** 
' Significant at the .05 and .01 levels of. probability, respectively. 
^ 2  ^ 2  
Table 30. Means of environmental (Og) and genetic variance (®g) components for the five withln-
generation partitions for each trait studied in the AP27, Coles, HP20-20, and Wells 
experiments 
g 
Generation (®g) 
Flowering date 
Nodes/plant 
Protein % 
Oil % 
0.544 
1.384 
0.373 
0.136 
0.015 
0.865 
-0.040 
-0.011 
-0.053 
0.009 
0.020 
0.014 
0.127 
-0.012 
-0.015 
0.022 
0.075 
-0.065 
-0.005 
0.005 
0.066 
0.028 
0.021  
0.002 
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Other significant components were those for seed protein percentage 
in generation 3 and seed oil percentage in generation 4 in AP27 (Table 
28), nodes per plant in generation 2 of HP20-20, and seed oil percentage 
in generation 5 of Coles and generation 3 of HP20-20. 
2 2 Average cr and 0 estimates for the four soybean experiments are 
s g 
presented in Table 30. 
Mutation Events and Rates 
Barley 
Means of sublines for each trait in the Larker, Manker, and Morex 
experiments are presented according to the dichotomous progeny scheme 
(Figure 1) in Figures A1-A9, A10-A18, and A19-A27, respectively. 
Differences between parent and progeny means that are significant at the 
5% level of probability or less are identified with an asterisk between 
the means. The L.S.D.s used to make these mean comparisons are presented 
at the tops of the figures. Mean differences deemed representative of a 
mutation event (see criteria set forth in the Methods section) are 
identified with an "m" placed next to the asterisk. The figures are too 
numerous to consider each in detail; therefore, the numbers of mutations 
for each trait in each experiment are summarized in Table 31. Number of 
mutations per trait summed across three experiments ranged from one for 
harvest index to seven for bundle weight with intermediate values for 
other traits. Total number of mutations (summed across traits) was nine 
for Larker and 12 each for Manker and Morex. The total number of muta­
tions measured in 27 experiment x trait combinations was 33. 
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Table 31. Total number of mutations for nine traits in each of three 
barley experiments 
Experiment Total/ 
Trait Larker Manker Morex trait 
Leaf length 1 1 1 3 
Kernel number 0 2 1 3 
Heading date 1 1 3 5 
Spikes/plot 1 2 2 5 
Plant height 0 1 1 2 
Bundle weight 3 2 2 7 
Grain weight 1 3 1 5 
Harvest index 1 0 0 1 
100 seed weight 1 0 1 2 
Total/experiment 9 12 12 
Grand Total 33 
By using these totals, the average rates of mutation per quantitative 
trait per 100 gametes were 1.7; 2.2, and 2.2 for Larker. Manker. and 
Morex, respectively (Table 32). The overall rate across varieties was 2.0 
mutations per trait per 100 gametes. 
• Soybeans 
Means of sublines for each trait in the AP27, Coles, HP20-20, and 
Wells experiments are presented according to the dichotomous progeny 
scheme (Figure 1) in Figures A28-A31, A32-A35, A36-A39, and A40-A43, 
respectively. The numbers of mutations for each trait in each experiment 
are summarized in Table 33. Numbers of mutations per trait summed across 
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Table 32. Average rates of mutation per trait"in Larker, Manker, and 
Morex experiments 
Experiment Mutation rate^ 
Larker 1.7 
Manker 2.2 
Mo rex 2.2 
Average 2.0 
^Average rate per trait per 100 gametes in each experiment and as an 
average of three experiments. 
Table 33. Total number of mutations for four traits in each of four 
soybean experiments 
Experiment Total/ 
Trait AP27 Coles HP20-20 Wells trait 
Flowering date 0 2 13 6 
Nodes/plant 2 0 2 2 6 
Protein % 3 110 5 
Oil %  3  1 1 0  5  
Total/experiment 8 4 5 5 
Grand Total 22 
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experiments were six for flowering date and number of nodes per plant and 
five for seed protein and seed oil percentages. Total number of mutations 
summed across traits was eight for AP27, four for Coles, and five each for 
HP20-20 and Wells. The total number of mutations measured across the 16 
experiment x trait combinations was 22. By using these totals, the 
average rates of mutation were 3.3, 1.7, 2.1, and 2.1 mutations per trait 
per 100 gametes for AP27, Coles, HP20-20, and Wells, respectively (Table 
34). The overall rate across varieties and traits was 2.3 mutations per 
trait per 100 gametes. 
Table 34. Average rates of mutation per trait in AP27, Coles, HP20-20, 
and Wells experiments 
Experiment Mutation rate^ 
AP27 3.3 
Coles 1.7 
HP20-20 2.1 
Wells 2.1 
Average 2.3 
^Average rate per trait per 100 gametes in each experiment and as an 
average of four experiments. 
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DISCUSSION 
Harrington (1929) stated that genetic variability within pure-line 
varieties can be due to mechanical mixing, residual heterogeneity, 
outcrossing, or mutation. To ensure that the differences measured among 
sublines in my study were not due to mixing or outcrossing, factors that 
could lead to them as sources of variation were controlled during the 
development of the populations. Also, since each population was derived 
from a single seed, heterogeneity within the variety probably was not a 
contributing factor to variation among sublines. Residual heterogeneity 
could only have affected an experiment if the original seed sampled from a 
variety was heterozygous for loci affecting the traits measured. Russell 
et al. (1963) suggested that 10 generations of self-pollination would 
practically eliminate residual heterozygosity in a variety, and all 
varieties used in the barley and soybean experiments had been inbred for a 
minimum of 10 generations. The mutation rates obtained by Russell et al. 
(1963) in long time inbreds were similar enough to those when doubled 
monoploids were used (Sprague et al., 1960) to support the hypothesis that 
10 generations of selfing practically eliminates heterozygous plants. No 
selection was practiced during subline development, thus reducing the risk 
of artificially maintaining heterozygosity, a concern expressed in the 
maize studies. Chandhanamutta and Frey (1975) reasoned that if the 
original parents were homozygous, mutation events generally would not 
become apparent until the third or fourth generation of propagation. In 
the barley experiments, no mutations were detected in generation 2 in 
either the Larker or Morex experiments and only one was detected in the 
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Manker experiment (Table 35). Mutations accumulated more rapidly in the 
early generations of the soybean than in the barley experiments (Table 
36). AP27 had mutations for number of nodes per plant and protein percent 
in the second generation (Figures A29 and A30), which may be evidence for 
residual heterozygosity in this variety; however, AP27 also had more 
mutations in later generations than did the other soybean varieties. This 
consistency of apparent mutations over generations would argue that 
residual heterozygosity was not the cause for variants in AP27 either. 
Outcrossing was not a source of genetic variation because primary 
spikes of barley plants grown for subline development were bagged during 
anthesis. Soybean plants used for subline development were greenhouse 
grown where insect species responsible for outcrossing were absent. All 
plants used for subline development were hand harvested and threshed to 
eliminate seed admixtures. 
The rates of spontaneous mutation of 2.0 and 2.3/trait/100 gametes 
found for barley and soybeans, respectively, are ca. three orders of 
magnitude greater than those reported for single-gene traits, but they are 
consistent with rates of 4.5 and 2.8 reported for doubled raonoploids and 
inbred lines of maize, respectively (Sprague et al., 1960; Russell et al., 
1963), and the rate of 1.2 found for diploid oats by Chandhanamutta and 
Frey (1975). Differential mutability among traits and genotypes demon­
strated in these former studies also occurred for barley but not for 
soybeans in my study. For barley, grain weight, bundle weight, number of 
spikes per plot, and heading date were the most mutable traits (Table 31). 
There seemed to be no relationship between type of trait and mutation rate 
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Table 35. Numbers of mutations for all traits by generation in' Larker, 
Hanker, and Morex barley experiments 
Generation 
Experiment 2 3 4 5 Total 
Larker 0 1 2 6 9 
Hanker 1 0 3 8 12 
Ho rex 0 2 3 7 12 
Total I 3 8 21 33 
Table 36. Numbers of mutations for all traits by generation in AP27, 
Coles, HP20-20, and Wells soybean experiments 
Generation 
Experiment 2 3 4 5 Total 
AP27 2 ' 0 3 3 8 
Coles I 2 0 1 4 
HP20-20 0 3 1 1 5 
Wells 0 0 2 3 5 
Total 3 5 6 8 22 
in any study to date. Russell et al. (1963) observed higher mutation 
rates for plant than for ear traits, but my study did not show similar 
results. 
Due to the conservative nature of the methodology employed for 
estimating mutational events, all estimated mutation rates for quanti­
tatively inherited traits found likely underestimate the real ones. 
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First, only the significant differences between sublines that were 
consistent with the dichotomous progeny scheme were considered as mutation 
events. These may represent chance deviations, but due to replication, 
this is not probable. To eliminate this possibility, a significant change 
in a progeny mean had to be carried by one or both of its progenies, which 
provided evidence that a mutation had been inherited. A significant 
parent-progeny contrast could be due to a change in an allele causing 
heterozygosity at the locus, and due to sampling, neither offspring might 
carry the mutated allele. This could explain why some apparent mutations 
were not inherited. Exclusion of these apparent mutations as real ones 
would lead to underestimation of mutation rates. Further, only 60 gametes 
were tested for mutations for each variety because the changes measured in 
the sixth generation were used for verification only. There is a good 
chance that the 64 additional gametes represented by the 32 sublines in 
generation 6 carried new mutations that were not counted. Parent-progeny 
mean comparisons were considered significant if they differed by one 
L.S.D. unit calculated at the 95% level of probability. In these experi­
ments, many more parent-progeny comparisons would have been significant at 
the 90% or even 94% level. Overestimation of mutation rates also could 
occur if several significant changes in a line of descent were due to 
allelism. For example, if the additive effect of a mutated allele were 
sufficiently great to cause a significant change in the heterozygote, and 
a second significant change when the allele became fixed into the 
homozygous condition in a subsequent generation. Such cases were counted 
as representing only a single mutation to guard against overestimation due 
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to allelism. Mutation rates in the maize studies were corrected to 
accommodate the possibility that one mutational event might affect several 
traits pleiotropically. Instances of verified mutation events that 
occurred in the same place in the dichotomous progeny scheme for more than 
one trait were considered as being due to pleiotropism. Eight such cases 
were found in the barley and four in the soybean experiments, which would 
reduce, if corrected as in the maize studies, the estimates in Tables 32 
and 34 by approximately 25 and 20%, respectively. However, evidence 
obtained by Russell et al. (1963) from breeding studies indicated that 
separate mutations are more likely responsible for simultaneous variation 
of two traits than is pleiotropy. Therefore, my mutation rates are not 
adjusted for possible pleiotropism. 
Significant mean squares among sublines from one variety would be 
evidence of subline divergence due to mutation. Frequencies of signifi­
cant mean squares increased with each successive generation of propagation 
from zero in generation 2 to five in generation 6 in the barley experi­
ments (Table 37). Trends in soybeans were not so clear (Table 38), 
however. Cases of significant mean squares were more random in distri­
bution, perhaps due to the limited number of traits sampled. 
Evidence for the variable mutabilities of different traits and 
different genotypes can come from comparisons of significant mean squares 
and of numbers of mutations. When based on mutation frequency, Manker and 
Morex were equal but more mutable than Larker (Tables 31 and 35). When 
based on mean squares, Manker was more mutable than Morex, which was more 
mutable than Larker (Table 37). Relative mutabilities according to traits 
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Table 37. Numbers of significant among lines mean squares for all traits 
by generation in Larker, Hanker, and Morex barley experiments 
Generation 
Experiment 2 3 4 5 6 Total 
Larker 0 0 1 1 0 2 
Manker 0 1 0 3 2 6 
Morex 0 0 0 0 3 3 
Total 0 1 1 4 5 11 
Table 38. Numbers of significant among lines mean squares for all traits 
by generation in AP27, Coles, HP20-20, and Wells soybean 
experiments 
Generation 
Experiment 2 3 4 5 6 Total 
AP27 0 1 1 0 0 2 
Coles 0 0 1 1 0 2 
HP20-20 1 1 0 1 1 4 
Wells 0 0 1 0 0 1 
Total 1 2 3 2 1 9 
showed similar rankings by the two methods (Tables 31 and 39): differ­
ences were more pronounced when mutation rate was used as the criterion 
for ranking. In soybeans, AP27 ranked more mutable than Coles, HP20-20, 
and Wells when based on frequency of mutation (Tables 33 and 36); however, 
HP20-20 ranked highest when mean squares were used (Table 38). Ifhen based 
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Table 39. Numbers of significant among lines mean squares by trait and 
generation for three barley experiments 
Generation 
Experiment 2  3  4  5  6 Total 
Leaf length 0  0  0  0  1  1  
Kernel number 0  0  0  0  0  0  
Heading date 0  0  0  0  2  2  
Spikes/plot 0  0  " o  2  1  3  
Plant height 0  0  0  0  0  0  
Bundle weight 0  1  0  1  0  2  
Grain weight 0  0  0  1  0  1  
Harvest index 0  0  0  0  1  1  
100 seed weight 0 0 1 0 0 1 
Total 0 1 1 4 5 11 
on numbers of mutations (Table 33), all traits were roughly equivalent; 
however, when using mean squares (Table 40), flowering date and seed oil 
percent accumulated more subline differences than did number of nodes per 
plant and seed protein percentage. 
Within generation genetic components of variance (Tables 23-26 for 
barley and Tables 28-30 for soybeans) were highly variable in the early 
generations, and few were statistically significant. Sprague et al. 
(1960) showed that for doubled raonoploids of maize, the percentage of 
negative estimates for genetic variance components declined with genera­
tions of selfing. I found similar results for both barley and soybeans 
(Table 41). The percentages of negative values declined after the fourth 
53 
Table 40. Numbers of significant among lines mean squares by trait and 
generation for four soybean experiments 
Generation 
Experiment 2 3 4 5 6 Total 
Flowering date 0 0 2 1 1 4 
Nodes/plant 1 0 0 0 0 1 
Protein % 0 1 0 0 0 1 
Oil % 0 1 1 1 0 3 
Total 1 2 3 2 1 9 
Table 41. Percentages of negative estimates of Og from the analyses of 
variance of nine traits in Larker, Manker, and Morex barley 
experiments and four traits in AP27, Coles, HP20-20, and Wells 
soybean experiments 
Generation 
Species 2 3 4 5 6 
Percent negative^ 
Barley 56 56 74 52 30 
Soybeans 44 56 44 38 19 
- 2 
Percent of the Og estimates for all trait by experiment combinations 
in that generation that are negative. 
generation, due probably to the cumulative effects of mutational events. 
My rates of mutation for quantitative traits were approximately 1000 
times greater than those reported for single-gene traits. The number of 
loci controlling the expression of a quantitatively inherited trait, such 
as grain yield, is unknown. Therefore, a direct resolution of this 
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discrepancy of rates is not possible. If it is assumed that a suffi­
ciently large number of loci, each capable of producing a measurable 
effect on a trait, is involved in determining the phenotypic expression of 
a trait, then the discrepancy would be explained. However, it seems 
unlikely that each quantitatively inherited trait is under the control of 
1000 loci, each with relatively large effect, since the total number of 
loci estimated for the genomes of higher organisms is only 5,000 to 15,000 
(Strickberger, 1968). Such an explanation is more plausible, however, if 
it is assumed that each locus may affect many traits pieiotropically, thus 
reducing the total number of loci in the genome. My study and the maize 
studies (Sprague et al., 1960; Russell et al., 1963) support the idea of 
pleiotropy as a factor that contributes- to high mutation rates for 
quantitatively inherited traits. Pleiotropy as a cause is not supported 
by results with oats (Chandhanarautta and Frey, 1975) or mice (Truslove, 
1961). That mutation rates of qualitative and quantitative traits could 
be due to a fundamental difference in mutabilities of genes affecting them 
when the difference is 1000-fold, has been described as implausible 
(Grewal, 1962); however, these rates represent averages, tfhen specific 
examples are chosen for comparison, differences between the two kinds of 
traits disappear. For example, I found one mutation for harvest index in 
-4 barley which gives a rate of 5.55x10 mutations/gamete, while Stadler 
(1942) found 4.92x10 ^ mutations/gamete for the R locus in maize. Until 
more is known about the number and magnitude of effect for loci governing 
quantitatively inherited traits, the explanation for apparent differences 
55 
in mutation rates between qualitative and quantitative traits is open to 
debate. 
A primary objective of my study was to assess the impact of spontane­
ous mutation rates on the maintenance of variety purity. The high 
mutation rates found for quantitatively inherited traits in barley, maize, 
oats, and soybeans suggest that genetic variation in pure-line varieties 
due to mutation can pose a significant problem to the seed production 
industry. After initial release, foundation seed stocks of most pure-line 
varieties are maintained through bulk-generation advances. In each 
generation, morphological variants are removed by roguing the production 
field. However, as my data show, independent mutations for economic 
traits may accumulate even when uniformity of appearance is maintained via 
selection against variants in other traits. My results show that changes 
due to mutation do accumulate among sublines within pure-line varieties. 
However, to assess the impact of mutation on maintenance of varietal 
purity in a seed multiplication program, it is more appropriate to compare 
changes in generation means since these represent more closely the way in 
which varieties are maintained. Of the 27 trait-variety combinations in 
barley, only five showed significant variation among generation means 
(Table 11) and only two of these, harvest index in Larker and grain weight 
in Morex, resulted in significant linear trends (Table 12). Although the 
loss of a half of a percent of harvest index per generation may be of 
little concern, the increase in grain yield of almost 12 g/m^/generation 
demonstrates that rapid yield changes can occur. Of 16 trait-variety 
combinations in soybeans, only three showed significance for variation 
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among generations. Seed oil percentage in Wells showed a slight linear 
decrease (Tables 18 and 19). The number of generations of seed multi­
plication, from plant breeder to commercial production, in a seed cer­
tification program is four. These data show that few changes in per­
formance occur over six generations of propagation. Bulk generation 
advances with selection in the form of intensive roguing over the short 
lives of most varieties makes it unlikely that mutation poses a signifi­
cant problem in the maintenance of varietal stability. 
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SUMMARY AND CONCLUSIONS 
The average rate of spontaneous mutation for nine quantitatively 
inherited traits in barley was 2.0/trait/100 gametes and for four traits 
in soybeans was 2.3/trait/100 gametes. These rates, although at least 
three orders of magnitude greater than those generally reported for 
qualitative traits, were in general agreement with mutation rates reported 
for quantitatively inherited traits in maize and oats. 
Differential rates of mutation occurred for traits and genotypes. In 
barley, Larker was less mutable than Hanker and Morex, but the latter two 
were equal. Bundle weight, grain weight, number of spikes per plot, and 
heading date were the most mutable traits. Harvest index was least 
mutable. There seemed to be no relationship between type of trait and 
mutation rate'. In soybeans, AP27 was more mutable than Coles, HP20-20, 
and Wells. The four traits measured were approximately equal in their 
mutation rates. 
Linear regression of generation means on generation number was used 
to evaluate the effect of mutation on maintenance of varietal performance, 
since this would be of great importance in seed production. Of the 43 
trait-variety combinations in barley and soybeans, only eight showed sig­
nificant variation among generations, and of these, only three resulted in 
significant linear trends over the six generations. Only grain weight in 
Morex showed a great enough change to be of concern. The evidence of few 
changes in performance over six generations of propagation suggests that 
it is unlikely that mutation poses a significant problem in the mainte­
nance of stability of performance over the short lives of most varieties. 
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Significant (P < .05) comparison, and "m" designates suspected mutations. 
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Figure A16. Entry means for grain weight (g/m^) in Hanker 
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F i g u r e  A 1 7 .  E n t r y  m e a n s  f o r  h a r v e s t  i n d e x  ( % )  i n  H a n k e r  
3 . 2 8  
L . S . D .  =  0 . 3 2  
3.22 3.26 
3.26 3.28 3.28 3. 38 
3.16 3.22 3.20 3.20 3. 10 3.18 3.10 
3.22 3.14 3.30 3.22 
3.06 3.16 3.32 3.28 3.04 3.10 3.20 3. 30 3.18 3.32 3.10 2.98 3.16 2 . 8 6  3.22 
3.16 3.40 3.24 3.18 3.12 3.36 3.18 3.30 3.22 3.24 3.42 3.00 3.02 3.08 2.98 3.30 
* S i g n i  f  i c a r i t  (  I '  . 0 5 )  c o j i i p a  r  i  s o n ,  a n d  " m "  d e s i g n a i e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 1 8 .  E n t r y  m e a n s  f o r  1 0 0  s e e d  w e i g h t  ( g )  i n  M a n k e r  
131 129 
135 120 136 
137 123 136 131 130 un 126 
135 135 120 137 139 137 130 136 125 139 
135 120 130 139 150 139 120 133 126 138 122 147 139 
127 133 133 130 150 135 143 143 131 129 
muta t i ons. 
Figure A19. Entry means For Flag IeaF length (mm) in Mo rex 
L . S . D .  =  6 . 1  
53.6 58.0 
53.6 55.6 5't.U 56.8 
57.2 55.8 53.6 56.0 52.4 55.6 
54.4 57.6 49.6 50.8 55.6 53.6 56.4 54.8 53.2 53.6 56.8 55.2 53.2 54.0 54.8 53.2 
52.8 55.6 56.8 53.6 51.2 54.4 53.6 53.6 54.0 48.4 55.2 54.0 53.2 55.2 54.0 
56.4 53.6 52 4 52.8 54.8 55.2 54.8 54.8 53.2 59.2 55.6 52.4 54.8 52 4 50.8 53.2 
Significant (P <^.05) comparison, and "m" designates suspected mutations. 
00 
F i g u r e  A 2 0 .  E n t r y  m e a n s  f o r  k e r n e l  n u m b e r  i n  M o  r e x  
17.3 17.0 
18.0  17.7 17.7 16.7 
18.3 18.7 19.0 19.7 18.3 17.3 18.3 
18.3 18.0 17.7 17.3 17.7 17.0 18.0 1 7 . 3  16.3 17.3 18.7 18.3 17.3 18.3 17.0 17.3 
17.7 18.7 1 8 . 0  1 8 . 0  19.0 16.7 18.3 17.7 17.0 17.3 18.7 18.3 17.0 16.3 17.3 17.3 
18 18 17.3 16.7 17.7 17.0 17.3 18.3 17 
*  S i g n i f i c a n t  ( P  ^  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 2 1 .  E n t r y  m e a n s  f o r  h e a d i n g  d a t e  ( i n  J u n e )  i n  M o  r e x  
30.7 35.7 
31.7 35.3 37.3 
27.0 30. 3 30.0 28. 3 34. 3 32. 7 
35 33 33 
26.3 36.7 35.7 37.3 30.7 33.0 30.0 34. 7 38.0 27.3 30. 3 31.3 39. 3 38. 3 
30. 30.0 34.3 36 
*  S i g n i f i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 2 2 .  E n t r y  m e a n s  f o r  s p i k e s  p e r  p l o t  i n  M o  r e x  
L . S . D .  =  7  
98 100 100 99 97 95 97 98 97 100 98 97 101 101 101 99 
00 
Significant (P£.05) comparison, and "m" designates suspected mutations. 
F i g u r e  A 2 3 .  E n t r y  m e a n s  F o r  p l a n t  h e i g h t  ( c m )  i n  M o  r e x  
L . S . D .  =  2 0 5  
Signiricant ( P .05) compar ison, and "m" designates suspected mutations 
F i g u r e  A 2 ' i .  E n t r y  m e a n s  f o r  b u n d l e  w e i g h t  ( g / m ^ )  i n  M o r o x  
L . S . D .  =  1 0 2  
Significant (P < .05) comparison, and "m" designates suspected mutations 
L . S . D .  =  6 . 1  
47.8 44.8 
46. 1 43.5 
49.4 48.3 46.7 47.5 46.0 
46. 1 47.9 49.8 50.5 49.7 47. 3 49.0 48.0 
*  S i g n i f i c a n t  ( P  ^  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 2 6 .  E n t r y  m e a n s  f o r  h a r v e s t  i n d e x  ( % )  i n  M o  r e x  
2.78 3.06 
2.88 3.06 3.30 3.10 
3. 18 3.00 2.98 2.  88 3.08 2.92 2.95 
.98 3. 2 . 8 6  90 3 2.98 3.04 3.08 3.06 3 2.96 
3.00 2.82 3. 18 3.12 2.80 3122 3.22 3.08 3.00 3.18 3.02 3.01) 3.18 3.10 3.08 
2.82 2.78 3.04 3.00 3.14 3.02 3.02 3.00 3.06 2.86 3.14 3.00 2.96 3.06 
*  S i g n i f i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " i n "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 2 7 .  E n t r y  m e a n s  f o r  1 0 0  s e e d  w e i g h t  ( g )  i n  M o  r e x  
1 5 . 0  
L . S . D .  =  0 . 8  
15.0 l't. 5 
14.8 15.0 
15.5 15.0 15.3 15.5 15.3 15.0 14.8 
15 14 
15.3 15.0 15.5 15.3 15.0 15.3 15.3 15.3 15.0 14.8 15.0 
15 15.3 
*  S i g n i T i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 2 8 .  K n t r y  m e a n s  f o r  f l o w e r i n g  d a t e  ( i n  J u l y )  i n  A P 2 7  
2 1  .  1  
20.6  19.U 
2 0 . 2  19.3 20.0 
2 0 . 6  2 0 . 0  20.9 20.0 20.5 19.8 20.5 2 0 . 0  
19.3 20 2 0 . 0  
2 0 . 6  19.6 2 0 . 8  2 0 . 6  19.9 2 0 . 0  19.9 20.2  2 0 . 0  19.1 19.8 20.2  20 .  1  20.3 20. 1 
20.5 19.9 19.8 19.8 20.5 20.1 20.'t 20.6 19.7 20.1 21.0 19 
*  S i g r i  i r i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 2 9 .  E n t r y  m e a n s  f o r  n o d e s  p e r  p l a n t  i n  A P 2 7  
1 ( 1 . 5  
L . S . D .  = 0 . 7  
40.8 40.7 
40.4 41.5 41.0 41 . 3 
40.8 41 . 1 41 .6 41.2 40.8 40.9 41 .5 
41.3 41.1 41.3 41.5 40.9 41.4 41.5 41.2 40.9 41.4 41.3 40.7 40.8 40.8 40.8 41.4 
41.0 40.8 41 . 3 41.3 41 .3 1 ( 1 . 2  40.8 1(1.0 40.9 40.9 41 .2 40.9 40.7 41.0 40.8 40.9 
1,1.5 41.3 41.3 40.6 41,0 41.1 41.5 41.1 40.9 41.1 41.2 40.9 41.0 40.9 41.2 40.9 
vo 
-P-
* Significant (P < .05) comparison, and "m" designates suspected mutations. 
F  i  g  l i r e  A 3 0 .  E n t r y  m e a n s  f o r  s e e d  p r o t e i n  ( % )  i n  A P 2 7  
2 1  .  1  
2 1 . 2  21 . 3 
20.9 2 1 . 2  21 .4 2 1  .  1  
21 .6  21.0 21.0 20.8 2 1 . 6  21.6  2 1  . 0  2 1 . 2  
21 21 21 21 21  21 2 1  
21. 1 2 1 . 0  21. 3 2 1 . 2  21.0 21. 3 21.0  21.2 21 . 3 2 1 . 0  
20.7 21.2 21.2 21.2 21.0 21.0 21.2 20.9 20.8 21.4 21.2 20.9 21.2 21 
*  S  i  g n  i  r i  c a n t  (P _ <  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 3 1 ,  E n t r y  m e a n s  f o r  s e e d  o i l  { % )  i n  A P 2 7  
8 . 0  
8 .  
7 
8 . 8  8.5 7 8.0 
7 
7.7 7 
7 8.0 8 8.5 8 . 0  7 7 8 8 8 
8 . 0  8 
8.3 7.8 7.8 8.5 7.8 8.3 8.3 3.0 8.3 8 . 8  7.5 5 8 . 0  7.0 8 
* Signiricant (P < .05) comparison, and "m" designates suspected mutations. 
Figure A32. Entry means for flowering date (in July) in Coles 
1 9 . 5  
18 .6  2 0 . 2  
19.3 19.9 19.3 19.5 
20.4 19.3 2 0 . 0  18.8  19.0 20.0 19.5 19.9 
19. 19 9 20 19. 19. 20 .  19. 19 
* 
19.6 18.4 18 .  1  19.3 20 .1  18.9 19.8 2 0 . 2  19.6 20.5 18.9 1 8 . 0  19.8 
18.8 20.3 18.6 18.9 19.8 17.9 19.0 19.4 19.1 19.0 18.8 19.8 19.9 19.1 20.2 20. 
*  S i g n i f i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " n i "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 3 3 .  E n t r y  m e a n s  f o r  n o d e s  p e r  p l a n t  i n  C o l e s  
1 4 2 .  1  
41.7 <41 . 1 
'41 . 7 '11.7 
'41 .'I 
41 41 41 
42.0 40.6 41.7 41.2 41.8 41.5 41.7 41 . 3 
* S i g n i r i c a n t  ( P  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 3 ' l .  E n t r y  m e a n s  f o r  s e e d  p r o t e i n  ( % )  i n  C o l e s  
21 .8 
L . S . D .  =  0 . 5  
21 .9 21 .9 
21 .8  21 .9 2 1 . 8  2 1 . 8  
22.0 2 1  . 6  21.5 21 .8  
2 1 . 6  2 1  . 8  21 .5 2 2 . 0  2 2 . 0  22.0 21 .7 21 .9 2 1 . 8  22 .0  22.0 2 1  . 8  21.9 2 1  . 6  
Significant (P < .05) comparison, and "m" designates suspected mutations. 
F i g u r e  A 3 5 .  E n t r y  m e a n s  f o r  s e e d  o i l  { % )  i n  C o l e s  
9 . 5  
L . S . D .  =  1 . 2  
9.3 9.0 8.5 8.5 7.8 9.0 9.5 10.3 8.7 8.3 9.3 9.8 9.3 9.0 8.8 
8.5 10.0  9.3 
O 
o 
10.3 8.3 9.0 8.3 8.5 10.0 10.0 9.0 9.0 9.0 9.0 8.5 9.5 7.8 9.5 8.8 
* Significant (P < .05) comparison, and "m" designates suspected mutations. 
F i g u r e  A 3 6 .  E n t r y  m e a n s  f o r  f l o w e r i n g  d a t e  ( i n  J u l y )  i n  I I P 2 0 - 2 0  
1 9 . 4  
18.3 20. 7 
20. 3 19.2 19.3 1 8 . 0  
20. 3 19.9 20.7 19.6 19.9 20.4 2 1 . 0  
19.8 20.3 20.1 20.3 19.4 0 20.3 19.9 19 19 19.1 20.1 20.4 
19.5 19.6 21.3 19.5 19. 1 18.9 20.0 19.2 20.5 20. 3 20.0 18.8  19.6 18.9 2 0 . 0  
18.8 20 8 19.6 19.9 19.9 21.3 18.8 20 .  19.8 
* Significant (P < .05) comparison, and "m" designates suspected mutations. 
F i g u r e  A 3 7 .  E n t r y  m e a n s  f o r  n o d e s  p e r  p l a n t  i n  H P 2 0 - 2 0  
'to. 6 
40.0 39.8 
'lO.O 39.2 39.7 39.2 
39.6 '10.5 39.9 39.9 39.9 39.7 39.9 
39. 40.1 39.1 39.3 40.1 39.2 39.3 
39.4 40.0 39.7 40.0 39.6 40. 3 39.7 39.8 39.8 39. 3 39.9 39.4 39. 3 39.8 
40 
*  S i g n i f i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 3 8 .  E n t r y  m e a n s  f o r  s e e d  p r o t e i n  ( % )  i n  H P 2 0 - 2 0  
2 2 . « 4  
L . S . D .  =  0 . 6  
22.7 
2 2 . 6  22.9 
2 2 . 6  23.4 22. 8 23.0 
22.5 2 2 . 8  22.9 2 2 . 6  23.0 23. 1 23.0 
22.8 23.5 23.0 22.8 23.2 23.4 23.0 22.8 22.6 22.9 22.6 22.9 23.0 23.0 22.7 
22.9 22.6  23.2 23.0 23.0 22.7 22.9 22.9 23.0 22.9 2 2 . 8  23. 1 22.8 23.0 22. 9 
22.8 23.0 22.6 22.5 22.8 23.1 22.6 22.9 22.8 22.9 23.2 23.2 22.6 22.1 22.5 23.0 
Significant (P < .05) comparison, and "m" designates suspected mutations. 
o 
w 
F i g u r e  A 3 9 .  E n t r y  m e a n s  f o r  s e e d  o i l  ( % )  i n  t l P 2 0 - 2 0  
1 0 . 5  
L . S . D .  =  0 . 9  
11.3 10.5 
1 0 . 8  10.5 10.5 10.8  
10.5 10.5 10.8 10.0  
10.0 10.8 10.0 10.8 10.5 10.0  10.3 10.0 10.8 11.5 
10.5 11.0 1 0 . 0  1 0 . 0  10.3 9.8 10.0 10.3 10.3 1 0 . 0  11.0 10.3 10.5 10.3 10.5 
10.5 10.3 10.3 10.8 10.8 10.3 10.3 10.0 10.3 10.8 10.3 
*  S i g n i f i c a n t  ( P  <  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A 4 0 .  E n t r y  m e a n s  f o r  f l o w e r i n g  d a t e  ( i n  J u l y )  i n  W e l l s  
2 0 .  3  
L . S . D .  =  1 . 5  
20.8 21.3 
21 . 3 20. 3 20. t 2 0 . 8  
19.6 21.4 2 1 .  I f  20.U 20.8 19.8 19.6 21.0 
21.4 19 20 21 19.7 2 0 . 0  2 0  21  20 20 19 20 
21.3 21 .6  21.5 19.7 19.5 21 . 3 20.8  19.8 20. 1 1 2 0 . 8  19.8 20.7 20.3 19.9 
20.9 2 0 . 2  20.2 2 0 . 6  20 19.3 19 
*  S i g n i f i c a n t  ( P  . 0 5 )  c o m p a r i s o n ,  a n d  " m "  d e s i g n a t e s  s u s p e c t e d  m u t a t i o n s .  
F i g u r e  A ' i l .  E n t r y  m e a n s  f o r  n o d e s  p e r  p l a n t  i n  W e l l s  
11.1 
L . S . D .  =  0 . 8  
1 1 . 1  1 1 . 2  
11. 11.3 
1 1 . 0  11.3 11 
2 
1 1  . 2  10.6 10.6 1 1 . 1  
10 1 1  11 11 
1 1 . 2  1 1 . 0  11.5 11 .  3 11.0. 
10.9 11.6 11 
* Signiricant (P _< .05) comparison, and "m" designates suspected mutations. 
Figure A12. Entry means ror seed protein (%) in Wells 
2 2 .  3  
L . S . D .  =  0 . 5  
22.  1 21 .9 
22.  1  21.9 22. 3 22.  1  
2 2 . 0  2 2 . 5  22.3 22.5 22.0 2 2 . 3  2 2 . 0  
22.3 22.0 22.2 22.1 22.2 22.3 22.5 22.3 22.3 22.1 22 0 22.2  22.4  
22.5 22.4 22. 5 22.4 22. 1 22.  1  21.9 2 2 . 2  2 2 . 2  22.3 2 2 .  1  22.4 2 2 .  1  22. 2 21 .9 2 2 .  1  
O 
22.0 22.2 22.2 22.4 22.4 22.5 22.2 22.3 22.7 22.2 22.1 22.4 22.0 22.3 22.3 22.3 
Significant (P .05) comparison, and "m" designates suspected mutations. 
F i g u r e  A 4 3 .  E n t r y  m e a n s  T o r  s e e d  o i l  ( % )  i n  W e i l s  
